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Technical Lesson 5 


ELECTROMAGNETISM - ELECTROMAGNETIC INDUCTION 


A prn w OE CURRENT PRODUCES MAGNETIC EFFECTS . The rules and characteristics 
relating to magnetic lines of force produced by a steel magnet may be 
applied to all cases where lines of force are produced by an electric cur¬ 
rent . Magnetic effects are always set up in the region surrounding a flow 
of current• A stream of negative electrons moving from one place to another 
through any path which acts as a conducting medium is considered to be a 
flow of current; this is in accordance with the "Electron Theory . Thus, a 
movement of electrons, or current flow, through a conductor (a wire for ex¬ 
ample) sets up about that conductor magnetic lines of force, forming a 
magnetic whirl which begins at the center of the wire and extends an in¬ 
finite distance outward into space. 



IRON FILINGS 
SHOW MAGNETIC 
EFFECT AROUND 
A STRAIGHT WIRE 





MAGNETIC 
EFFECT AROUND 
ONE TURN OF WIRE 


Figure 1 


Figure 2 


The magnetic field, on whirl, can he detected easily by means of a magnetic 
compass, or with the aid of iron filings, as shown by the experiment in 
FiSire 1. It shows that a wire of suitable length (either insulated or hare 
wire) is thrust vertically through the center of a sheet of cardboard upon 
which is sprinkled a thin uniform layer of soft iron filings. The opposite 
ends of S the wire are connected respectively to the positive + ) and negativ* 
(_ ) terminals of a dry cell which furnishes the electromotive force neces¬ 
sary to send current through the wire. The direction of current flow is 
indicated by arrows. With current flowing the cardboard is tapped lightly 
which causes the filings to move and arrange themselves In concentric circles 
lach cLcle bei^ a Une of force. Of course, the filings cannot clearly 
map out all of the lines because of their vast numbers. An important fact 
to P be remembered is that the lines of force exert their effort in a certain 
direction around the wire and at right angles to it. 


Our experiment offers a convenient means for indirectly 

oassage of current through a wire sets up magnetic effects. .Althpi^h the .? 
whir if 6 of magnetic lines exist along the entire length of the wire circuit 
(whenever current flows) we are only visualizing them at one location on t e 



i ~ at the point where our cardboard is placed. To prove th J t .J' he 
wire, i.e., ^he w ji re move the cardboard up and down at the 

magnetism exists all al -g * f the filings, The total number of lines 

™ i^an indication of the magnetic field strength, or 
encircling th e is chiefly dependent upon the number of amperes of 

density, and in Plir , ren t of low value will produce a comparatively weak 

current flowing. A current of low value ^ £ roduce a relatively stronger 

field, w Jj® reas *^ lines (or flux) around the wire have precisely every 

field. The magnetic lines -aSSTa steel magnet. The lines act upon 

the pace °medium about the wire to place it under a strain as any magnetic 

flux would do. 
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Figure 3 


„ Ar >^TTm A m t nop" OF WIRE WHEN CURRENT FLOWS. Now let us 

TTTR MAGNETIC EFFEC T ABOUT A LO , Of ^ ^ ^ mi pur" . It is seen 

bend the straight wire in Figure 1 forming a loop we have ob- 

that the magnetic lines ^ Present but that 1by for,ming - ^ inslde 

talned a condition wher ® t ^ 1 _^^°the loop! Stating this in a different way 
the loop and all downward outside thlop current emerge from one end 

we could say that all of the lines set up oy opposi te end, with the re- 

of the loop, surround the loop >the single turn of wire, 
suit that a continuous magn g0t up Py current flowing through a coil. 

Figure 3 shows the magnetic , similar to the single turn in Figure 2 

The magnetic whirl abound each r i UIld one turn combine with those of 

but by the coil arrangement the line length of the coil. This results 

an adjacent turn, and 30 U^ d ^ection around the coil and through the core 
in the lines assuming a similar after continuing around the coil re-enter 

that is, they emerge at ° n V^U can !e madetoproduce strong magnetic 

at the opposite “ c ° p ea ch of its turns add up collectively, 

effects because the lines set up by eacn 


. drawing in Figure 3 that a coil through which 

You should now see from the drawing in tJ t insofa r that both produce a 

current is flowing is similar to a t l b poles gt t heir opposit 

magnetic flux and, consequently, both have ^ ve “ lmilar P charaoterist ics, re- 

anas. Since magnetic lines of force ax j e(jts or work which a bar or 

gardless of how they are p :T „ dolnK could likewise be done by any suitabli 
other type magnet is capable° t h£o2lh its turns. The following important 
coil of wire when current flows thr g be rem embered: (1) The cur- 

facts concerning a current--pryingdefinite "N" and ”S' poles; 

W”“* p 
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HUPPH B ETWEEN direction of current flow and magnetic lines around a wire . 

at ton'Tie tween the direction of current flow through a “straight wire 
pUPPt&e direction of the lines as they encircle it at right .angles can he 
easily understood by the student after examining the diagram in Figure 4 and 
applying the following right-hand thumb rule: 

FIRST RIGHT-HAND THUMB RULE: If a conductor is grasped with the right 

hand, with..the tHumb pointing in the direction of the current flow the 

fingers will encircle the wire in a direction similar to that taken by 
the lines of force* In other words, the fingers coincide with the 
direction of tension which the lines set up in space. 
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DIRECTION OF 
CURRENT FLOW 


Figure 4 

by placing a compass first above and then below a wire when current is flow¬ 
ing the direction of the force lines can be determined since they exist en¬ 
tirely around the wire in concentric circles. We have shown in Figure 4 how 
the compass needle points in a certain direction when it occupies a position 
over the wire, hut, when under the wire, the needle points in the opposite 
direction If we were to reverse the connections at the dry cell and cause 
current to flow through the wire in an opposite direction to that shown by 
the arrows the compass needle would indicate this change since it would point 
indirections just the contrary to those indicated for positions above and 
below the wire during the original connection* 

The drawings in Figures 5 and 6 are almost self-explanatory. Figure 5 shows 
the end view of a wire with the current flowing through it in a direction 
away from the reader (indicated by a cross) and the lines of force are in a 
clockwise direction about the wire* Figure 6 shows the same wire with tbe 
current reversed and flowing toward the reader (indicated by a heavy dot) 
and the lines are in a counter-clockwise direction about the -wire. Figure 3 
illustrates 8 a coil with a cut-away section permitting you to readily visu- 
alize the magnetic effects around each turn and the total flux in ahd around 
a coil when current flows, as previously mentioned. 

The attraction between the magnetic fields set by two parallel wires when 
the current Flows through each one in the same direction is shown in Figure 7. 
The repulsion between two such fields when current flows in each wire in 
opposite directions is shown in Figure 8. 
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AFTWREN DIRECTION OF CURRENT FIDW AND POI^CTY OP A C Oj l .. Tte 

oi u t id h e x r»M 

polarity is determ^d Sy applying what is popularly known as the second 
right-hand thumb rule, as follows: 
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Figure 6 
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air space the ceil is said to h 1 t¥i ~coil to fill the air space, 
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unit is given the name "electromagnet* 

ar^expre ssiom^which 

Sn 9 practicaI S ly°the f< number of lines depend mainly upon two 
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factors, namely: (1) the value of the current in amperes flowing through a 
•winding and (2) the number of turns of wire comprising a winding. Hence, the 
term "ampere -turns" represents the product of the number of turns of wire on 
a coil and the number of amperes flowing in each turn. We can set down this 
relation for ampere-turns in a formula, thus: 

AM PER E-TURNS = NUMBER OP TURNS x AMPERES 

According to this formula a current of 0.2 amperes flowing through a coil 
consisting of 500 turns will produce exactly the same amount of magnetic 
. strength as will a current of 20 amperes flowing through a similarly formed 
coil but which has only 5 turns. In both cases we have 100 ampere-turns. 



Figure 9 Figure 10' 


ELECTROMAGNET . When current flows through the windings of an electromagnet 
the iron used in the core becomes magnetized by induction the same as would 
any mass of iron if brought into the presence of a magnetizing force. When 
the iron molecules are arranged in parallel rows the iron core itself sets up 
its own force lines and the latter are added to the lines established by the 
current in the coil. Thus, in any electromagnet the magnetic field strength 
is the sum of the lines set up by the iron core and those set up by the coil. 
By employing an iron core, as in Figure 10, the magnetic flux set up around a 
particular coil by a certain current is multiplied many times over that of a 
similar coil with an air core. 

When iron is used and the iron protrudes beyond the ends of the coil it will 
b© noticed that most of the lines pass entirely through the iron before they 
emerge from the iron and act on the surrounding space medium. However, in 
the case of a coil with an air core the lines begin to spread out into space 
at the opposite ends of the coil itself, or where the turns end. This is due 
to the fact that iron has a higher permeability than air. See Figures 9 and 10, 


An example of how powerful an electromagnet can be made is given in the draw¬ 
ing in Figure 11 showing a modern lifting magnet moving large pieces of iron. 
The large pieces of iron are lifted by means of the strong magnetism produced 
when a very high current, perhaps 50 amperes or more, flows through coils 
consisting of a few thousand turns. A magnet of this kind often weighs over 
5000 lbs. itself, has over 100,000 ampere-turns, and is capable of lifting 
iron pieces weighing thousands of pounds. By discontinuing the current in 
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the coils the magnetism drops out of the lifting magnet and the iron pieces 
are automatically released. The telegraph sounder in Figure 12 is another ex¬ 
ample of how the properties of an electromagnet are utilized to actuate an 
iron armature which produces clicks that may he interpreted into the char¬ 
acters forming the telegraph code. Keep in mind that the strength of an 
electromagnet or any current carrying coil depends mainly upon its ampere-turns. 

MAGNETOMOTIVE FORCE , (Abbreviated ra,m,f.) This is the name given to the 
unseen force which is accountable for the setting up of magnetic flux in a 
magnetic circuit* This force is necessary before magnetism can be established 
in just the same way that electromotive force is required before current will 
flow in an electric circuit. There is a certain relation between flux and 
magnetomotive force. For example, when iron is magnetized and demagnetized 
part of the work necessary to arrange the molecules is converted into heat, 
due to molecular friction. The movement of the molecules, however, lags be¬ 
hind the force in either case. This lag of molecular arrangement is known 
as ’’hysteresis”, It is always present in iron when used in any circuit where 
the current varies continuously as in an alternating current circuit. 



Figure 12 


Figure 11 

SUMMARY. The important facts to be remembered from the subject of "Electro¬ 
magnetism, " besides the two "right-hand thumb rules", are as follows: 

(1) A magnetic field is always established in the region around a wire 
carrying a current of electricity, 

(2) When current passes through a coil of wire each turn produces lines. 
Those lines extending further out from a given turn combine with the 
lines of neighboring turns to set up a magnetic flux encircling the 
entire coil. This effect is clearly shown in Figures 5 and 7. 

(5) A coil carrying current exhibits "N" and ,f S w poles at its opposite 
ends, since a magnetic field is established in the surrounding space. 

(4) Both a bar magnet and a coil through which current is passing 
produce similar magnetic effects, 

ELECTROMAGNETIC INDUCTION . 

Electromotive Fo rce and Current Induced in Wires by Lines of Magnetic Force . 

We learned in the earlier part of this lesson that an electric current mov- 
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a wire, or any conductor, sets up a magnetic field surrounding the 
jppe r 'a»a, also, the lines of force comprising the field reach out a consider¬ 
able' distance into space. The extent or magnitude (called density) of the 
field about a current-carrying wire depends mainly upon the strength of the 
current for which the lines are responsible and, also, upon the material of 
the magnetic circuit, i.e., whether it be all air or partly iron. Other facts 
brought out were that if a conductor is wound in the form of a coil (helix 
or solenoid) it produces a magnetic field similar to that of a permanent bar 
magnet when current passes through the turns of the coil and that the coil 
will exhibit north and south poles at its opposite ends according to the 
direction of the current in the turns. W© will repeatedly make use of these 
facts throughout our present discussion. However, we must now become familiar 
with principles which are the converse of the above statements, that is, 
ma^ netic lines of force are capable of produ c ing a movement of electric cur ¬ 
rent in conductors urder~certajn conditions . 

It was Michael Faraday who made this discovery which is. one of the most im- 
uortant in all radio and electrical science because from the application of 
these principles have sprung many forms of radio and power apparatus, such 
as generators, transformers, and so on. He noticed during one of his experi¬ 
ments that when a conductor was moved through a magnetic field in^such a way 
that it cut across the lines of force an electrical pressure (e.m.f.) would be 
set up along the conductor, i.e.. induced in the conductor . That an e.m.f. or 
electric charge was made available was proved by attaching the conductor to 
the gold leaves of an electroscope and observing the movement of the leaves 
while the conductor was being moved. He also observed that if a conductor 
in which an e.m.f. was induced formed part of a closed electric circuit the 
induced e.m.f. would cause a movement of current through the entire circuit. 
"Induced e.m.f" is often called "induced voltage". Let us explain in regard 
to the latter statements that an e.m.f. is induced in an open conductor (this 
means a conductor whose ends are left free or disconnected) when acted upon 
bv lines of magnetic force, whereas, an e.m.f. and current are in duced in_ja 
closed conductor under similar conditions. When discussing the action occurring 
in a closed conductor we refer sometimes only to the i nduced current , keeping 
in mind, however, that we must first have the induced electromotive force. 

Among several effects observed by Faraday one was that if a conductor, after 
being placed in a magnetic field, remained at rest (that is, the conductor 
was not moved with respect to the lines of force) no induced e.m.f. could be 
obtained. Nor could an induced e.m.f. be obtained if the conductor was moved 
in the magnetic field in such a way that its direction of motion was parallel 
to the direction of the lines of force. In other words, in the latter motion 
the conductor would not cut or pass through the field, it would merely gravel 
along and coincide with the direction of the lines,, But, he found that if a 
conductor remained in a stationary position and the magnetic lines were made 
to move so that they passed through or cut across the conductor an e.m.i. 
would be induced in the wire under such cdnditions. 

Notice particularly that in all cases involving induced e.m.f. and current we 
have to consider the relative motion of the conductor and the magnetic lines 
since either may remain stationary. That is, we must take into account the 
following conditions, namely: (1) Whether a conductor is moved through a 
stationary field, or (2) Whether magnetic lines move past or cut across a 
stationary conductor. 
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*oing statements form the basis of the study of "Electromagnetic In- 
3 As we now see, this subject deals with the production of electrical 
and currents in conductors by making practical use of the invisible 
t is always present in the space where a magnetic field exists. 

nduced in a Conductor by a M agnet and an Electromagnet . In the fol- 

WMtiH explanations it wilTTe shown that the principles of electromagnetic 
asMlluction remain the same regardless of the source of the flux. The flux may 

il5' : obtained from the use of a permanent magnet, as in Figure 13, or from an 

-electromagnet, as in Figure 14. In our practical work we find coils of ooth 
W'the air-core and iron-core type in use. The design of a coil is governed by 
Slits particular function in the circuit. We do know, however, that when iron 
''■- is used for the core material it sets up a magnetic flux which is hundreds 
V'of times greater than could be obtained from a given coil when operated with 

- yonly an air core. 

. PERMANENT ELECTROMAGNET ^ 


' jpV/ ' direction of 

INDUCED CURRENT 

motIon 




direction of 

^'■ |NDUCED CURRENT 


MOTION 
IS DOWN 


GALVANOMETER. 


Figure 13 


Figure 14 


Tn the experiment in Figure 14 the induced e.m.f.’s and currents for movements 
of the loop of wire will be detected by the deflections of the pointer of a 
sensitive galvanometer. Before continuing with our subject let us first give 
a brief explanation of this instrument. It consists of a small movable coil 
carrying a pointer, the coil being mounted on a bearing and Placed, in the 
magnetic field of a horseshoe type magnet, and it operates on the principle 
S a passage of current through the coil causes it to rotate, oneway or 
the other, due to the force of the magnetism set up by the current in the coil 
acting upon the force of the magnetism of the magnet. A spring holds the coil 
and pointer in a zero, or center position. The pointer -will move right or 
left of the zero mark according to the direction of the current supplied o 
the coil through the connections at the two binding posts on the top of the 
meter case. The amount of the pointer deflection is taken as the measure of 
the strength of the current induced in the circuit when the loop of wire moves 
across the lines of force as illustrated. 

Let us now proceed with the experiment. If the loop is suddenly moved verti¬ 
cally downward a deflection of the galvanometer pointer will be seen, indicat¬ 
ing that current mom entarily flows through the closed circuit consisting of 
the loop, the coil in the galvanometer, and the connecting w3res. The pointer 
will move a certain distance across the scale and_immediately drop back to 
its natural position of rest. Assume that the pointer moves to the right. 

If the loop is suddenly moved upward the pointer will momentarily deflect i 
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lessons. The diagrams in Figures 15 and 16 are drawn expressly 
^Eteiustrate one method for determining the relation between the direction 
IIP' 'the induced current, the direction of the motion of the conductor, and the 
direction of the lines of force. In the following paragraphs we will consider 
Iwo cases: (1) The effect when the rod is moving downward, (2) The ef.ec, when 
the rod is moving upward. 

M } if rod AB is moved down across th e magneti c f lux , as in Figure 15, 
the induce d pressure in AB will be In the dir ection 'froifTB to A, as indicated 
bY the arrow in the rod. This e.m.f. sends current through the rod and the 
galvanometer coil and, thus, a momentary deflection of the pointer is seen. Let 
us assume that the pointer moves to the right of zero and drops back immediately. 

l pi. wow. if rod AB is moved up acro ss the flux , as in Figure 16,the 
induced e.m.f! will he set up in the opposite direction, or from A to B, as 
indicated hy the arrow drawn in the rod. This reversal of induced pressure 
with a reversed movement of the rod sends current through the rod and galvano- 
meter coil in the opposite direction to that obtained during the down movement 
as in case (1) above. During the up movement of the rod the pointer will de¬ 
flect momentarily to the left and return to zero. 



Figure 17 


TT W(a fMr^ that the direction of the induced electromotive force depends 

unon^he direction of the Mnes of force and the direction of motion of the 
upon tne lines. An easy way for remembering these re- 

isSklte Uctl OT , Of tjB 

if to apply a rule , known as Fleming ■ ^ shown ^ the dia_ 

gram in Figure 16 and explained as follows: 

with the THUMB, FOREFINGER, and MIDDLE FINGER of the right hand all held 
It righ? Ses to one another, let the THUMB point in the direction of 
the motion, the FOREFINGER in the direction of the lines of force, and 
the MIDDLE FINGER will point in the direction of the induced e.m. . 



which clearly show 
in a rectangular 


Lesson 5 


sheet 10 




is being rotated on its axis in a clockwise (or right- 
ion) through a magnetic field. Current will circulate entirely 
the loop when it cuts through the lines because the loop forms a 
metallic circuit. It will be noticed, however, that for the set of . 

It ions we have shown in the drawing (that Is, with the N pole to the right, 
and the S pole to the left, and the right side, of the loop moving downward 
through the field, and the left side of the loop moving upward through the 
field) the induced pressure and current will be in a direction away £ rom the 
reader on the right side of the loop and toward the reader on the left side. 


It will be noticed that whenever the rod is moved in a vertical direction 
across the lines, either up or down, the galvanometer pointer will deflect a 



pertain amount first to one side and then to the opposite side of zero. If 
the rod were moved across the lines in such a way that it followed a diagonal 
th then lesser amounts of current would be obtained as indicated by small 
Sections of the pointer, providing, of course, that for all cases the same 
rate of movement of the rod is maintained. Or, if the rod is moved parallel 
to the lines and, therefore, does not cut through the lines, no induced u 
rent will he obtained nor will any deflection of the pointer be observed. 

The facts lust mentioned explain, in general, the results to be expected for 
various charges in the path which a conductor could he made to take across a 

magnetic field. 

„ rir.ru It is "Closed" and "Opened" the Current does not Rise from a Zer o 
Trat.sntlv - Nor does the Current Fall from Maximum to Zero 
— a short Interval of Time is Requ ired for these ch ?rcses^to^ Occur " 
The purpose of the several views in Figure 18 is to illustrate pictorially 
Thlflnnditions namely: (1) How current gradually rises in strength on the 
u i riraing of a circuit by throwing a switch (views A and B). (S) How 

tgflli^rf lowg at a stead y value an instant or two after a circuit is closed 
and does not vary in intensity if the circuit remains closed, provided the cir¬ 
cuit cond™ ions remain unchanged (view C). (3) How the currant graduaU - 

creases in strength from its steady value and drops to zero, on the break 
gr opening of a circuit by pulling a switch (views D and E). 

every change in current strength will produce a corresponding change 
in the number of lines of force produced by the current then we can assume 
that whihf current flows through a wire, and progressively increases in value, 
the lines of force build up and expand outward into space for some distance. 
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Sheri the current flow becomes steady or constant the lines remain stationary, 
fT the- do not vary in number, or density. A "constant current" is an un¬ 
varying current. When current in a wire progressively decreases the lines 
gradually diminish in number, contract back on the wire and, finally, when 
the current ceases to flow the lines disappear entirely. 


Thus from Figure 18, we learn that on the "make" and "break” of a direct 
current circuit the rise and fall in the intensity of the current causes a 
corresponding change in the magnitude of the magnetic field and, also, that 
the changes in current strength and variations in flux strength are only 

momentary . 


u tp 'is induced in a Second ary Circuit by Variatio ns of the. Magnetic 
LsetwVa ChLging Curre nt 'In the PrWy. The principles already ex- 
fr lnlfrelati ng' t o the s etting up of a cupre n T ln a conductor by causing a 
?l““o cut across it will again be used, but this time the results will be 
obtained Without moving either one of the wires. The circuit arrangement is 
shown in Figures 19 and 20. 
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ACTION DURING THE "MAKE" OF THE PRIMARY 


ACTION DURING THE "BREAK" ^ THE PRIMARY 


Figure 19 


Figure 20 


Figure 19 shows.the action duringtto. Jj*.•" * «■* W 

the current b ®Sins to rise^the^line^of ^ce^it^ ^ s&ficiently far 
to c^through t f secondary conductor^This effect ^the^rimary^the^ 

the°arrows, and C the lines's^t up by the momentary flow of current are shown 
as small magnetic whirls along the secondary. 


Figure 20 shows the action during the ^reak'^of ^^Frimary^At^thi^in-^ 

stant the primary current secondary conductor in a direction 

fall back on the primary, cut through tke secontlary The cutting 

op posite to their movement during * * tYie secondary in the oppo- 

site°direction^t o^the^previous i^uct ion^. e^mtf^are^now 6 ?^ 0 ^ 

the & same E direction, t and llso that t J magnetic whirls assume similar direction 


The above two actions ^ llnef^ke ^heffomplr e § " 

r^prLa^fieldfaS t£ sectary also opposes the stopping of the 
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the flux 


PARALLEL MAGNETIC CIRCUIT 
FORMED BY A SOLID IRON 
FRAME AND AIR GAP. 


LONG AIR GAP BETWEEN SHORT AIR GAP BETWEEN SERIES MAGNETIC CIRCUIT. 

POLES DECREASES FLUX POLES INCREASES FLUX 

Figure 21 

of the following conditions have a direct bearing on the amount of the 
ssure induced in a conductor when cutting, or being cut, by lines of force 

(A) The strength or density (number of lines per unit area) of magnetic 
flux at the point where the conductor is acting at any instant, 

(B) The number of turns in the coil or length of the conductor actually || 

being acted upon by the lines. _ . 

(C) The angle which the conductor makes with the direction of t nek: 
as determined by the path through which the conductor moves 

cuts across the lines. ' ■ •• L'hv 

(D) Rate of motion, or the number of lines cut per second. 

Stren**h of the Ind uced E.M.F. Depends Somewhat on the 
netic Circuit and Its Material. The three electromagnets atV|he rigs*. _ | 






in Figure 21 each have a more efficient form of magnetic circuit than the 
electromagnet at the left because the length of the air gap through which 
the lines must pass are shorter in one case than the other. 4 short air gap 
strengthens the magnetic field for a given set of conditions and, thus for 
certain movements of a loop of wire through the flux more lines of force will 
he enclosed or cut by the loop. In some types only one electromagnetic winding 
is mounted on the iron core while in the other types more than one winding is 
used, this being done to increase the ampere-turns. The distance between the 
poles which governs the size of the air gap is carefully considered in practi¬ 
cal machinery to keep the reluctance of the magnetic circuit minimum. The 
coils are connected in series so that current flowing through one must also 
pass through the other, and their turns are so wound as to make the adjacent 
ends of the windings north and south poles, respectively. 



Figure 22 



Figure 23 


Lenz>3 Law . This law in concise form states that the direction of the in- 
duced eVm.f. is always such as to oppose the motion producing it. Another way 
of stating this law (which is perhaps easier to understand in view of the 
fact that we are now familiar with effects produced by magnetic lines of 
force) is that an e.m.f. is always produced in a direction such that the mag¬ 
netic lines it sets up oppose any change in the existing magnetic lines. 


Refer to Figure 22 showing two coils, one a primary and the other a second- 
y; together they constitute a transformer. A practical explanation of Lenz’s 
law is given below with references made to the diagram: Let us assume that 
the current in the primary coil is such that it makes the polarity at the left- 
hand end north. When the primary is moved into the secondary the flow of in¬ 
duced current in the latter coil makes its polarity at the right-hand end also 
north. Thus, the adjacent ends of both coils have opposite polarity and, there¬ 
fore, the effect set up between them is one of repulsion . However, when the 
secondary is withdrawn from the primary the induced current in the latter is 
reversed and reverse polarity will be set up at the right-hand end of the coil, 
We now have a condition where the left-hand end of the primary is north (note 
that the polarity of the primary does not change because it is supplied with a 
steady source of e.m.f. by the dry cells) and the right-hand end of the second¬ 
ary is of south polarity. A magnetic attraction now exists between the coils 
that tends to oppose their separation. It is only while the coils are moved 
with respect to each other and the induced current flows and reversed magnet¬ 
ism is set up about the secondary that we have these effects of attraction 
and repulsion . It is seen in every case that the magnetic attraction and re¬ 
pulsion tends to oppose the motion of the primary coil. 

Self Induction . This is the name given to that property of an electric circuit 
wherein it tends to oppose any change (increase or decrease) in the strength 
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. 0 -^ n Ami it The effects of self-induction are present only 

of. the current in the cir changing in intensity. The magnetic lines 
at such times as when a cu^ent ® « wire at the very center of its core, 

which always accompany a t-Sl* up outward and pass through the very 

Thus, when current rises the ^ wt ^ T C urrent falls the lines re¬ 
wire whicn is producing th^ • ^ ^ wrlT ,^ the onnosite direction to the first 

cede i,nw„a£d on the ^re and ^ Qn & conduct ^ by its own lines induces an 

instance cited, ihis catri g direction for an increase-in current and, 

e.m.f. in the =fiduotor first for adecrease in current. Thus, we see 

secondly, in the opposite i n ®°“^ ten ds to oppose the establishment of a cur- 
that the induced e.m.f. at one time renu prevent the current from 

rent in a conductor and at pother time it tends to pre self-induction, 

lying out. The induced e.m.f. la gngwn as the i n^uceo_e^ ^ - 

The student must p6rat e from the usual e.m.f. which is applied 

Mutu al Induc | i o n . Ag ^"getonda^'fielf resulting Mts^thTpriMryVield 
SSa^rtTa^priml^acting on ^secondary. 

cults are so associated that magn olrC pi t end thehatter also sets up mag- 
e.m.f.'s and currents in the other , ,/ s are said t o react on each other, 

netlc effects of their own, the t olrcuit8 are said to possess the 

This is known as mutual Inducti on a show two independent fields 

property of mutual induct^n _c|. F g 5 f ^ ld ls due to the inducing current flow- 

^ C in n fhe 0n primary?)a i ;d ?he other is due to the Induced curr ent in the secondary (S). 

inductance. This term relates eleo^ewS^tlfiw” 

Sii^iStid with a coi h°^ f C ^ff mo ^°ofthis magLtlc flux. The property 
Inductance is a measure of the am “ tends to prevent any change in the 

” It cSrre C nt n nowing though the circuit. This may also he called the 
self -inductance of the circuit. 

The amount of inductance, ® e ^ u T^ u ^ d t a^oil^r 1 "circuitry the current 

amount of voltage that wil Tb ^ n n A c i roU it is said to have an inductance of 
fh^iy g ™ton a a S c^rent hanging'at the rate of 1 ampere per second will induce 
therein an e .m.f. of 1 volt . 

., rr nw Effects of Self I nductance wi t hin a Circuit 

Non-I nductive C:frcuj ^^ nf Q n.oi > can be m ade to 

be Neutralize d.. The ie s ^ e . QI -* the coil are wound so that the field 

neutralize one another if on the field around an adjoining turn. The 

around each turn opposes in direction the fie^a^ ghould be clo8e to 

current in each turn must Result is shown in Figure 23. The coil 

gether. A coil wound to produce this ^7 llv no field is established around 
is said to he non-inductive because practicaIlyncM^ are employed for re- 

the coil when current flows. wheatstone bridges, meters and in any cir- 

-^sssr- ««-*■ 

ssoBi of° fr on '■S.rSSSS/iUS 

perties a solenoid wiH attract iron ° m Figure 24. The flux seeks the 

^h^ugh^e iron £££ l^erT'e to pacing entirely through air 
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and this magnetizes the plunger, causing it to be attracted by the coil. The 
plunger is drawn into, or sucked into the coil, and does not stop moving until 
it centers itself in a position where it will accomodate the greatest amount 
of flux. It remains unmoved in the coil so long as the current flows at the 
proper value to provide the requisite amount of flux to hold the plunger from 



Figure 24 


being pulled back by the spring. This principle is utilized commercially in 
the operation of protective devices called "circuit breakers These devices 
automatically trip, open a circuit and shut off the power when the current 
becomes excessive for any reason. A spring is adjusted to the proper tension 
so that the plunger is sucked into the coil only under extreme conditions. 
This idea can be used for relay operation,or any form of tripping device. 

EXAMINATION - LESSON 5 

1. What phenomenon always exists when current flows? 

2* State the right-hand thumb rule for determining the polarity of a sole¬ 
noid and draw a simple sketch illustrating same. ^ % 

■3. State the right-hand thumb rule for determining the direction of a 
magnetic flux around a current-carrying wire. 

4. What is Fleming’s right-hand rule? ^ . , , 

5. If an air-core coil is carrying a current and a bar of soft iron Is in¬ 
serted into the coil what effect will be produced? 

6 (a) What happens when an "open conductor moves across a magnetic field. 

* (b) What happens when a "closed conductor moves across a magnetic field? 
7. state briefly two methods for producing current in a secondary circuit. 

8! Explain briefly what is meant by the following terms s (a) Se If-indue tance, 
(h ; 'Mutual inductance, (c) Ampere-turns. 

9. What does Lenz's law state? , 

10. Either one of two conditions must be satisfied before an e ,m.i. can oe 
induced in a wire or circuit. What are these conditions? 
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